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1

The bonding strengths of. two’ thermosetting adhesives
liquid Cycleweld C—-3 and Ardux 1, to several aircraft{ ma-
tericls were determined dy shear tests made-on lap—Joint
specimens, A few specimens were made with Cycleweld 0-3
film, The specimens were tested at 25° C and at subfreez—
ing temperatures of approximately —40° C, .

With phHenolic laminatss both adhesives produced bonds
sufficiently strong so that the test specimens falled in
the lamincte rather than in the bond, Te obtain the maxi-
mum shear stréngth in the Compreg specimens it was necessary
to preheat the material first t0 relieve the high residual
stresgecs and then machine “the gtrips to obta in flat sur—
faces, The shear strengths of ‘the Cycleweld—bonded metal
specimnens were greater than thoge ;0f the Ardux—bonded gpec i-
nens$ also the strength of the former increased while the -
strength of the latter decreased when the tests were nade
at 10w temperatures. - S

The shear strengths obtained for specimens made from
aluminum alloy bonded %o magnesium alloy with Cycleweld (-3 .
cement were comparsble to the valiues.obtained for the speci-
mens in which strips of the same metal were attached to-
gether, An incrcecase in shear strength with decrease in
temperature was again oObserved,

The shear strength of the birch—faced plywood and
aluminum—alloy specimens bonded with Cycleweld C—3 was
much greater than that for similar specimens containing
mghogany—-faced plywood, For both .plywoods the shear
strengths  of the lap-joint specimens made with the resin—
coated or the uncoated materiasls were practically the same,
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and the major portion of the failure generally occurred in
the wood veneer rather than in the adhesive, Alsc, the
gshear streagths of the cpecimens tade with birch pljwood
were generally greater ot subfreezing temperatures than at
260 ¢ while tho:'revesse was true for the uakogany-plywood
and alualnus—-alloy snécimens, Satisfactory results were
obtained for some aluninum—slloy and plyweood specimoens
bonded with Cycleweld C-3 filmn,

INTRODUCTION

In the construction 8f aircraft the attachment of
component structural elements is accomplished by various
means, such as riveting, ‘bokting, welding, and in some
ingtances by gluing., While present procedures are gener—
ally satisfactory, it 1s possible that, provided suitable
adhesives can be found, gluing might be the most rapid and
gsatisfactory method of assembly, This method is now used
widely in plywood. construction,

Sometimes it 1ls necessary in assembling:an aircraft
gstructure to attach together parts made of different me-
terials, such as plywood to metal, or plastic to metal,
Phis situation complicates the search for a suitadle ad-—
hesive owing to various factors such as unegual effects of
temperature and humldity veriations upon the materizls to-
be attached, the relative permeability of the materials to
the mdhesive;, and other factors

In selecting an adhesive sultable for bondlng alrcraft
gtructural elements it must be borne in mind that good ad—
hesive strength as determined under laboratory conditions is
not the only criterion, The adhesive should retain & high
strength at subfreezing as well as tropical temperatures, and
under vibratory loads, Retention of sirength when exp0sed
to chemical reagents such as water, aviation gasoline, ethyl—
ens glycol, and dope solvents is often important, The tend—
ency to creep under possible service conditioms should also
be negligible, The thermosetting adhesives can be expected
to be less affected by solvents and to exhlbit less creep
at the highest temperatures ancountered in sPrvice than
thermdplasblc adhesives, .

In this country a thermosetting adhesive, Cycleweld C-3,
hes been devcloped for bonding metal sheets together, In
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England & synthetic thermosetting reein, Ardux 1, has been
developed for bonding phenolic plastics together,¥ The _
possibilities of these adhesives for use in bonding alrecraft
parts were investigated as part of a ressarch project car—
ried on at the National Bureau of Standards, sponsored Dby
end conducted with the financisl assistance of the National
Advigory Committee for Aeronautics,

MATERIALS AND SPECIMENS

The materials which were bonded together with the ad-
hesives are described in table 1, The lap-joint type of
gpecimen was chosen for testling the bonding properties of
the adhesives because 0f the ease wlth which such specimens
could be formed and tested, The speclimen was generally about
6 to 8 inches long and 0,7 inch wide with an overlap of 0,5
inch, ©For sone tests the material or materials to be bonded
were cut into strips 3 to 4 inches long and of the desired
width (i,e,, 0.7 inch) and the strips bonded to form speci-
mens ready for test, _In another procedure, sheets of the
materials 3 to 8 inches in wildth were overlapped and bonded,
and the test specimens sawed oOr shearsd from the lap~Jjointed
panels, Prior to bonding, the metal strips and sheets were
cleansd by either abreding or washing with pstroleum naphtha
and the surfaces of the plywoods and of some of the plasties
were roughened with sandpaper,

The Cycleweld C-3 adhesive was supplied "in both liquild
and film form, For this adhesive, it was recommended by the
manufacturer that the bonding be done under pressure and the
temperature at the bond be maintained at 163° € (325° F) for
at least 15 minutes, The Ardux 1 was supplied in the form

*Recently Amberlite PR—65, an adhesive comparable to
Ardux 1, has become availabls in this country, Tests made
with lap~joint specimens of paper—base laminate, 1/16 inch
thick, and febric—base laminate, 1/4 inch thick, showed that
these two adhesives had identical bonding strength, Unabraded
specimens of the paper—base laminete had shearing strengths
of 820 end 900 psl when bonded with Ardux 1 and Amberlite
PR—65, respectively, Unabraded specimens of the fabric—base
laminate had shearing strengths of 2040 and 2050 psi when
bonded with Ardux 1 and Amdberlite PR—65, respectively.
Abragion of the- gurfaces of the laminates before bhonding.
with Amberlite PR—-65 had no effect on the strength of the
bond,
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of a thick ligquig, and the curing ‘condit.ions suggested for it
were cl: mying pressure and ‘o ‘tYemperature of at lenst 140° C,
When bonding materlals with. . thie liquid adhesives, the two
‘'surfaces t0 be adhered were &oated with the adhesive.

Since; the Compreg and,.+t0. 4 lesser degree, some phenolic
laminates presented difficulty in bonding becauss they un-—
molded,* specimens were prepared in which strips of the ma-
terials had been given one of the following treatments: (2)
surface unabraded, (b} surfuaée &bradsd, (c) strip preheated
for 1 hour at 145° C, and (d) strip preheated for 1 hour
at 145° C end the surface abraded, The specimens were made
from identical strips of the Conmpreg and of the 0,2F~inch-
thick phenolic laminates, [To determine the strength of
Compreg lap~Jjoint specimens with ths material free of re-
sidual stresses and the bonding surfaces flat, strips which
had been preheated were. machlihed on one face to give a flat
surface for bonding, Specimens were made with both adhesives,
and both unabraded and abraded materials were used,

These specimens wore cured in an oven with a spring-
and—clanp device which allowed controsl of the bonding pres—
sure, The "spring—clamp! apparatus is shown in figure 1
wlith & pack of specimcns in place, In addition to permitting
control of the initial clamping pressure, the spring—clamp,
device allowed the strips to increase in thickness, 1f they
unmolded, without large variation in the pressure,

To insure that the bond was held at the desired curing
temperature for a sufficient time, in sevoeral specimens the
temperature was measured with a thermocouple located in the
bond, BEach couple was made of No, 40 wire soldered with a
lap—~jolnt and laid parallecl to the length of the specimen,

To test the suitability of Cycleweld C—3 cement for
bonding aluminum alloy to magnesium alloy, 245-T alclad
sheet 0,085 inch thick was bonded to J-1 megnesium alloy
sheot O 032 inch thick with liguid cement, Two sets of
specimens were made; one in the spring~clamp apparatus, the
other in a.,stoam—heated press, In the first sct, the mag-
nesgium strlps were cleaned with sandpaper, wwshed with water,
and wiped dry, and the aluminum alloy was cleaned with puuic»
soap and water and wiped dry, The second set of speclimens

*Unmolding refers to the swelling or distortion that
plastics may exhibit when residual stresses are released,
a process accelerated by elevating the temperature,



NACA' T¥ Wo, 984" * 5

was taken from lap—Joint pantls made Trom pleces of metal 3
by 4 inches, The aluminum alloy material was cleaned as
before; the magnesium alloy pileces woere abraded with sand-
paper but were not.washed,

EQUIPMENT AND TEST PROCEDURE

,

The width and the length of the bonded area of each
specimen were measured with a steel scale graduatsd 1n
hundredths of an ineh, The specimens were tested in shear
on the 2400-pound range of a 60,000-pound~capacity Baldwin-
Southwark hydraulic testing machine, accurate to XF pounds
over the range. used, The raete of head separation was main-
tained at 0,05. inch per minute, and the time to break each
specimen was recorded, The testing machine was located 'in-
a conditioned laboratory in which the temperature was main=!’
tained at 25° ¢ and the relative humidity at 50 percent,

For the low—-temperature tests, an insulated box wes
constructed to enclose the grips, The box was cooled with
solid carbon dioxide, Two armholes were cut in the front
and leather gloves were attached to the edges of the holes
80 that speclimens could be inserted in the grips of the
testing machine without opening the box, A doudble—-glazed
window and lights mounted inside the box facllitated hand-—
ling of the test specimens, When the specimens were placed
in the box, a thermocouple was attached to. each specimen
near the bonded portion, The specimens were kept in the
cold box for at least 1 hour prior to testing in order to
attain tempersture equilibrium, ) -

After the specimens were tested, they were exdmined %o
determine (a) the percentage of the overlapped area in which
the fallure occurred in the adhesive, (1) the percéntage of
the overlapped area in which the adhesive coatings on the two
halves of a specimgn failed to bond together, (c) the per—
centage of the overlapped area in which failure occurrsd in
the material bonded, and (d) the percentage of the overlapped
area in which failure occurred at the interface between the
adhesive and the plastic or metal, v o

The shear strength was calculated in two ways, First,
the breaking load was divided by the shearing area to obtain
the average shear stress at failure, Second, the shear
strength per inch of bond width was obtained by .dividing the
breaking load by the specimen width, nominally 0,7 inch,
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RESULTS AND DISCUSSION

Specimens Bonded under Clarping Pressure

The Aata on shear strength for the lap-joint. specimens
formed under clamplng pressurc wlth Cycleweld (-3 cerment
and Ardux 1 adhesive are shown in tables 2 and 3, and
represontative specirens after test are shown in figures 2,
3, and 4,

The fabric—base phenolic laminate specimons bonded

with Oycleweld 0—3 (table 2) were about three-fourths as

strong as those bonded wlth Lrdux 1 (table 3), The differ—
ence was less marked for the pager—base meterial, - For dboth
adhesivos at both 26° ¢ and —40° € the fallure was almost

ent irely within the material rather than in the adhesive or
at the adhealve—nlastic boundary, The lower shear strengsth
of the Gybleweld—bonded specimens was. probadbly caused by the
higher clamplng pressure employed. ih making thecse specimens,
This caused some bending (sece fig. 3, specimcn E) at the end
of the overlapped area, ‘

'P-.

The Ardux—bonded specimens ‘made from strips 0f tho 1/ 4
inch—-t hick phcnolic laminates exhibitad shear strengths mors
than twice thidse shown in the corresponding 1/lé—inch-thick
materital, Thie may be explained by the fact ‘that the stress
distr ibutlon at the ends of the ovérlapped area was differ-—
ent for the two thicknesses when the 1ength of the overlap
was the gome,

It might be expected that the shaar strength, a ficti-
tious or average value, would be the same for 'a glven ma—
terial if the ratio of length of overlap to thickness of
material was malntained constdnt, Soéme data that lend
weight to this asgumption were obtainoed by determining the
strengths of lap—~joint specimens of material FI-1/16—A bonded
with Ardux and made with three overlaps, 1/8, 1/2, and 1-1/2
incheg, The Tesults of these btests, nade &t 250 € .only, are
presented in table 4, In all these tests the fallure was a7
to 100 percent within the material rather than in the adhosive,
If th¢ averege -shear strength value for the FI—-1/16-A speci-
mens with an overlap of 1/8 inch is compared with that for
the FL~1/4 specimens (table 3) which had an .overlap of 1/2
inch, it is n&ted that ‘the values are 'very nearly equal, The
ratios of measured overlap to thickness are 1,9 for the
FPL-1/16—~A and 2,0 for the FI~1/2 materials, respectively,
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For the metal speclimens bonded with Cycleweld 0-3, the
average shear strengths varied from 1330 to 2530 psi at
25° ¢, and from 1500 to 3040 psi at —40° €, 'The type of
failure obitained with the metal specimens bonded with Cycle—
weld C-3 was different at the two temperatures, This 1s
shown in figure 2, comparing specimen A with B, and speci-
men C with D, At 25° C the major portion of the failure
occurred within the adhesive, while at —40° € the major
part of tho fallure occurred at the adhssive—metal doundary,

The metal specimens bonded with Ardux yielded lower
average shear strength values than the Cycleweld specimens,
The range for the Ardux-cemented specimens was from 230 to
1170 psi at 25° € and from 625 to 870 psi at —40° O, .In
general, the Ardux—bonded specimens showed a reduction in
strength at the low temperature, which is in the opposite
direction t0 the results obtained with Cycleweld—bonded
metal strips., There was no marked difference between the
259 0 and the —40° C samples with regard to the location of
the fallure which, except for speclmens made with AD-31
aluminum alloy, was located mostly at the adhesive—metal
boundary,

_ None of the Ardux—bonded specimens failesd in the metal,
With the Cycleweld C-3, however, a few specimens of the B
alunminum alloy D—-10 failed in the metal, These fallures arec
shown in figure 2, specimens E and F, The mean tensile
stresses existing In the strips of the various materials

at the maxinun load were calculated, and these values are
shown in table 5 for conparison with the tensile test re-
sults presented in table 8, For the Cycleweld—bonded speci-
nmens of both aluminum alloy D—10 and stainless steel, the
computéd tensile stress was about equel to the tensile
strength of the netsl, -

Tasts were made to determine whether the materials had
been appraciadbly weakensd by the heating to which they were
subjectad in bonding, Strips of the various materials, 0,7
by 8 inchee in size were cut and the edges sanded, One set
of strips was tested in tensiton on the Baldwin—Southwark
hydraulic testing machine, A&nother set of specimens was
heated in the oven at about 160° O for 40 ninutes, exposed
for at least 24 hours in the condltioning atmosphere and
then tested, From the results of these tests, shown in
table 6, there was some indication that the heat weakened
the plastic materlals slightly,
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Specimeng Bonded after Various Surface Treatments

The resultg ,of: the tashe on specimens made from Compreg
and phenolic laminate maferidals,” which had various surface
treatments prior to bonddng, are shown in tables 7 and 8
for the Cycleweld C—~3 and Ardux 1l adhesives, respectively,
The appearance of some speclimens after test is shown in
figures 5 and 6,

The results obtained with Compreg show that the un—
abraded types had the lowest shear strengths, the abraded
varlety was Intermediate, and the specimens which. had deen
preheated and then machined exhiblted the highest shear
strengths, The kinds of fallure for the various types of
specimen were gquite differont; for the machined specimens
bonded with Cyéleweld (fig, 5, specimens D and E) a consid—
erable part of the failhire occurred in tho Compreg; while ‘
for the other types (fig., 5, specimens F and G) the major -
portion was at the CJclewad -- Compreg boundary, The  Ardux—
bonded machined epecimens failed prinecipally in ‘the Compreg
with no significant’ difference between the behavior at norial
and at low temperature, Typilcal failues are shown in figure
5, specimens B and C, o R

The bond strength of the paper base phenolic laminate
PL-1/4 adhered with CycLewald was, greater at low tempera—
ture, tha 1ncfeases ranging from 36 +to0 80 perccnt, The per-~
centnge of ‘failure within the phenolic laminate was much
greater at the iow temperaturo, anpd the percentage of faitl-
ure within the edhesive docreased -These results are siml-
lar to t1ose observed with the Gompreg speciméns, Typical
failures are shown in figure 6; compars.A with B, and C
with D, With the Arduzx cexzent the fallure wids practically
100 percent in the 1aminate at both temperatures, Even
though both cements ‘were sufficlently :st*ong so that the
failures weré-practically sntirely in the material, the
shear strength values obtained for Cyclewsld were greater.
It was suspected that the Ardux 1 may have weakeneéed the-
phenolic plastic near the bond because of the cheulcal e
action of the cemant with ‘the plastic,

Specimens of Métal Bonded t6 Plywood

The data for the. shoar strength of lap—joint specimens
of alumlnum allsy bonded to plywood with Cycleweld C—3 ccuent
are shown in tables 9 and 10, .and figures 7 through 2 show
representative specimeéns after test, .
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With the mehogany—aluminum specimens (table 9) there
was little difference between shear strength values obtained
at 26° C with or without a resin coating, The strength at
25% ¢ obtained with the paper— and resin—faced plywood MRP
was considerably lower than that for uncoated and resin—-coated
plywood, TFor all types the fallure waes practically 100 por—
cent in the wood vencer and not in the adhesive (see fig., 7).
In most instances the shear strength =% the low temperature
was somewhat less than that at 259 C,

The shear .strength obtained for the’ mahOgany~a1uminum
specimens bonded with Gycleweld 0-3 cement film was found to
be about 1F percent less at 25° C than the valﬂes gbteined
with the liquid Cyclewgld boids, and about equal at -40° ¢
to the valucs obtained with the liguid Cycleweéld bonds, The
fallures for the fi]m—bonded specimens made with the AD—26
and D~22 aluminum alloy cccurred 75 percent in the wood :
while for the D-30 film—-bonded specimens, cured in the pr sg
96 percent of the failure occurred in the wood, L qif

The birch—aluminum specimeng exhibited considerabiy
greater bond strengths than those made with mahogany, s
(table 10), TFor the specimens bonded with liguid Gycleweld
cement, the untreated and resin-treated plywood had zreatdr”
strongth at ~40° € than at 256° O, which is the opposite of
the regults obtained for the specimens made with mahogany
plywood, Except for the D-30/B specimens, the failures at
low temperzture for the six groups were nearly 100 percent
in the wocd, A typical failure is shown in figure 8, speci-
men F, ©From an examination of the D-30/B specimens, it is
believed that the high percentage of fallure ot the metal—
adhesive boundary and the low strength may have been caused
by insufficient clesnsing of the surface of the metal,

For the film-bonded birch—aluminum specimens, those
made with the spring-clamp apparatus exhibited shear strengths
much lower than the values obtained for specimens bonded with
liquid cement; the specimens made in the press exhibited shear
strecgths almost equal to theée values obtained for the speci—
mens bonded with liquid cement, Some fllm-bonded specimens
are shown in figure 9, ' SRS

The speclmens in which the face grain of the plywood
was transverse ylelded shear strength values much less than
for the tvPes in which the face grain was parallel to %the
length, L :
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v

Specimens of Aluminum Bonded to Magnesium

Phe' shear strength’ data fof ‘the 1ap~Joint specimens
of aluminum alloy bonded to magnesium alloy with Cycleaweld
C~3 cement fdre shown <4n table ll

The ‘specimens bonded In' a press had shear strengths
consiaerably lower than- those made with a spring—clamp
apparatus although the percentage failure.;to bond in the
overlapped sectlion was much hlgher for the latter type..
This result may have been-caused by the difference in the
method of cleaning the magneslum alloy for the two sets of
speclnens or: deterioration of the cement on.storage subse—
guent to preparlng the spring—clanp bonded specimens, The
failure’' to7bond over®a'large portion of the area for the
spring—cl*mp specimens wasg prObably caused by a relatively
uneven coating=of Gycleweld In both sets.of specimens
the gtrength'at L1400 G was considerably gregter than thet
at 25°,6,; 'which is in agdrecement with the results obtained
with other mefal - -gpecimens, (See table 2,)

Since there was & possibility that the curing opera-—
tion might weaken the " magnesiuw alloy material, tensile
tests weTe made upon two sets of machined tenslle coupons
one: set Wﬂs giVen the sameg heat breatment as the lap- o
Jjoint specimens, the other was -not heated. Stress~—strain
data ‘Wer'd "takén in thésé tests which were nade st 25° C.
The tendile’ strength of the magn391um alloy was practlcal-—
ly unaffected by the heating ‘cycle uscd to cure the Cycle~
weld, the average valuss belng 44, 9¢0 ‘and .43,900 psi for
unheated and heated spccimens respoctiv‘ly, at 259 ¢, ‘
The yleld point, however, was affoccted sllghtly. for 0.4
percent offset the stress was reduced from 39,500 psi to
35,800 -pgl by the hoeat troatment. The few tcsts nade upon
the magnesium alloy indicate the necessity for checking
the effect of the heating cycle upon the strength of mag-—
nesium alloy parts which are to be bonded with Cycleweld.

COX¥CLUDING REMARKS"

Both Ardux 1 and liguid Cycleweld C—~3 cement produced
bonds sufficiently strong in lap—joint specimens of phe-—
nolic laminate so that the fallure occurred in the material
rather than in the adhesive; this was true in tha tests
made at 25° C.and-at —409 C. s '
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With both adhesives the maximum shearing strength of
Compreg lap—Jjoint specimens was obtained when the strips
to be adhered had been machined flat after e preheat treat—
ment introduced for the removal of residwal stresses,

The shear strengths of Cycleweld—bonded metal specimens
were greater than those for the Ardux—bonded metal speclmens
at both 259 C and at —40° C, The strength of the former
inecreaged while the strength of the latter decreased when
the test temperature was reduced from 25° ¢ to —20° G,

The shear strength of the specimens of birch—faced
plywoocd bonded to eluminum alloy with Oyclewseld (—3 cement
wes much greeter %than the strength of the similar mahogany-
faced plywocd—aluminum-alloy specimens, With both plywoods
the shear strengths of the lap-Joint specimens wore about
the same for tire uncoazted and the reslin—coated plywood; also
the major portion of the failure generally occurred in the
wood veneer rather than 1n the ecdhesive Indicatiang that the
strength of ths wood was the governing factor, The ghear
strengths of the spaclmens made with the birch material
were generally greater at —40° ¢ than at 25° C3 while the
reverse wag true for specimens conteining the mahogany me~
terial,

Natlonal Bureau of Standards,
Weshington, D, C,, May 19, 1944,
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Table 1. Materials Used in Tests of Bonding Strengths of Adhesives.
Average
Material Description of Thickness
Designation Material in.
AD=17 248T Alclad aluminum alloy. - 0.017
AD=25 248T Alclad aluminum slloy. 0.025
AD-36 248T Alclad aluminum glloy. 0.088
AD-31 248T Alclad aluminum alloy. 0.033
D-10 Aluminum glloy 248-RT (coegficient of linear 0.0133
thermal expansion 233 x 10-6/0g},
D-22 2487 Aluminum alloy. 0.021
D=25 8487 Aluminum alloy. 0.028
D=30 84ST Aluminum alloy. 0.030
88 Stainless steel, (coefficiefg 8f linear 0.0053
thermal expansion 17.3 x 10-5/%g).
J=1 Magnesium glloy. 0.032
FL-1/18 Fgbrio-base phenolic laminate. 0.067
FL-1/16-4 Same type of material as FL-1/16 but 0.070
different lot.
FL-1/4 Fabric-base phenolic laminate. 0.34
PL-1/18 Paper~base phenolic laminats. 0.088
PL-1/4 Paper-base phenolic laminate. 0.36
P?7 Qompreg; phenolic-resin-impregnated compressed 0.28
maple veneers, 7-ply with grain in adjacent
plies at 90°.
' Three-ply plywood, 1/33-inch mahogany faces, 0.185
1/16~inch poplar core; phenolic resin glue.
MR y¥ plywood coated with a phenolic resin. 0.125
MRP WU* plywood faced with 7-mil thick paper
toweling impregnated with a phenolic resin. 0.188
B Three-ply plywood, 1/32-inch birch faces, 1/16- 0.122
inch poplar core$ phenolic resin glue.
BR B plywood coated with a phenolic resin. 0.1l21
BRP UB¥ plywood faocedwith 7-mil thick paper towel- 0.1236
B ing impregnated with a phenolioc resin.
B! Thr ee-ply plywood, 1/48-inch birch faces, 1/28- 0.070
inoch poplar core; phenolic resin glue.
B" Five-ply birech plywood, 1/48-inch faces, 1/28- 0.135
inch oross-bands, 1/33-inch cors; phenolic
resin glus.




Table 3.- Data for Lap-Joint Specimens Bonded with -Weld O-
and Oured While Under (lamping h.“u“‘.ﬁycle 4 0-2
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D-25 25
88 25
~i5
T1-1/16 5
=42
PI~1/16 25
=42

¥o. of

W W sl R Wl N

Length Time
of to
Overlep, T.‘oa,k, igg 8t
B 1 Ave ._705559___&!5‘!_"?
in. ain, 1b/in
0.4 1. 1
o | ¥ | 8
0.50 k.2 1330
0.5 5.8 1550
0.51 1.7 2000
0. i,
0. #-? §3&8
0.51 3.2 7%0
0.50 1. 730
0. 1.2 6
8 | 1E | e

s
. wid
%r ‘:! of bo t
1b/4n® | 1b/1n m/1n
1400-2070 | 800 710-830
2110-2720 | 1220 1050=~1390
1270-1370 & £30-650
1470-1530 7% 73%-780
1940--2060 { 10820 990-1050
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MUatsrial idheglye,] ¥atarial Boundmry, Band,
yerx Averapge Averape Average |
% % ¢ % *
) 0 20 ° 9
0 0 E ™ 15
k3] 0-100 56 2 9
33 0-100 73 33 1
0 0 56 1 0
0 0 &9 9 2
0 a 20 i 2_
32 0-96 32 3% 2
98 9% 0 0 b
0 0 [
1& 9?635 0 0 0

& Ouring oonditions: 30 to 40 minmtes inm oven at 155° to 165°0.
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Table 3.- Data for Lap-Joint Speocimens Ponded with Ardux 1
and Cured le Under Olamping Presaurs.C

a=r ‘ng T YOIE

Length | Time Failure E,t&
Materinl | Tompexature of to Bhear Btrength per Felied in all n al sive-
Designe- of No. of Overlap, | Bresk, Bhear Str 0 dth Matari y,il.__‘5 Adhesiva, | Materiml Boundary
tisn Tast Spooimens | Avarges | Averpos Mlverage| Bamgs | sverape | DHanow versos | Henaw | fversms Aversgs
og in, min, | /48 | 1b/an® 1b/in | 1Ib/in 13 s < <
. 1.0 hso 460 ] 0
A7 -ﬁ; % g.ﬁ 1.1 22'-3 56%99130 120 £90-375 0 o ﬂ g
AD- 2 2 0.58 1.0 11 1140-11 00 610 0 0 12
3 - 2 2 o.ga c.9 s?zg 820 & 25 5225 0 o 22 §3 [
D-10 25 2 0.51 0.5 610% | 600-610 3107 300-310 0 0 20 75 5
45 3 0.51 1.2 720 620-800 370 315-410 o] 0 37 53 10
D-25 g5 P 0.50 0.4 eac® | 130320 |  110° 60-160 0 0 0 95 5
. . 1060 11" h 0 0 ] X 1
o8 A H o LI e | MR M O| MRS 8 0 | 1 1 1
fL-1/16 0.51 2. 0~ Lo .l 100 100 0 0 0
/ -lﬁ 3 ) 3.& 1?33 3%0—?;30 550 #m 100 100 0 0 0
ri~1 0.k 2. g0 | 2220- 1 10%0-10£0 94 94-100 2 0 0
* -ﬁ ?. o.sg 2.3 gheo | 2340~ 1% 11%1290 93 90-97 T o o
PI-1/16 0. 1. 660 630~ 99 97-100 0 0 1
nel B 3 o3 | 1 | & |drfe| 3 || B [T | 6 5 5
Pi~1/% 0.48 1.6 2080 | 1930-2220| 1000 980-1020 99 99-100 0 0 )
4 -422 § 0.%9 2.0 1990 | 1900-2040| 930 9760-99C 99 96-100 0 0 1

®one specimen broke in handiing; probably gluing was defective.
bn:ld not bond on first nttompt to meke specimens.

o
Curing condl tions: 25 to 30 minutas in an oven at 145° to 15500,
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Table 4.

NACA TN No.

ghear Strength of Lap=-Joint Specimene as a Function of Length of
Overlap for Fabrio-Base Phenolic Laminats FL-1/16-A Bonded with Ardux 1.

S64

Overly; Shear Strength per
Avgrage of ¥o. of 8hear Strength %nch of Bond_Wi@th
Nominal Measured Values Specimens Average Range Average Range
in. in. 1b/in 1b/in® | 1b/in 1b/in
1/8 0.13 3 3330 2300-23500 305 300=310
1/2 0.51 3 810 800-830 415 410-420
1-1/2 1.52 3 370 360~330 570 550-580
Table 5.- Mean Tensile Stress at Maximum Load in
Lap-Joint Specimens.
a Mean Tensile Stress?
Material Temperature Cycle-Weld-Bonded “Ardux-Bonded
Designation of Test Specimene (Table P) Svecimena (Table 3)
g 1b/in= 1b/1n2
AD-17 25 - -
TS _— —
AD-321 25 24,000 18,000
~-4o 34,000 13,000
D-10 25 5lt, 000 25,000
40 62,000 30,000
D-25 25 39,000 4,200
88 25 240,000 100,000
-40 260,000 80,000
Fl-1/16 25 6,000 7,200
-40 5, %00 &, 200
FL-1/4 25 - 4, 200
-1 - 4,800
PL-1/16 25 4,800 »100
=40 3,700 »900
PL-1/4 25 -- 4,000
-4o - 3,900

a
Low temperature value ig a
values are in Tables 2 and

pgroximate; exact

bcalculated as the ratio of the maximum losd
to the cross-sectional area of a single strip
of the material bonded,



Table 6, Effect of Heat on Tensile Strength of Sheet Materials Used in this Inveatigzation.

Unheated Specimena

Heated Speclmens
Material Tyve
: Designa=- of No. of Tensile Btrength No. of Tensile Strength
' tion Material Specimens j Average Range Specimene | Average Range
1b/1nR 1b/1n® 1b/in® 1b/in®
AD=17 Aluminum alloy 3 53,000 | 49,000-57,000 a8 58,000 | 5%,000-60,000
D-10 do, 3 63,000 | 57,000-85,000 3o 81,000 | 58,000-66,000
88 Btainleas stesl 3 245,000 | 240,000-350,00q 3% 240,000 | 230,000-~240,000
FL-1/16 | Fabric-base 2 13,500 | 13,000-14,000| 2P 12,350 | 13,000-13,500
phenolic laminate
FL=1/4 do. 3 14,700 | 14,500-15,300 3s 14,300 | 14,100-14,300
PL-~1/168 | Paper-base 3 81,800 | 16,000-36,000 3b 15,300 | 15,000-16,000
phenolic laminate
PL-1/14 do. 3 21,500 | 21,000-23,000 3P 18,700 | 18,000-19,000
P7 Compreg 3 15,800 | 13,000-17,000 38 13,900 | 12,700-13,300

 &These specimens were heated in an oven at 150°0 for 40 minutes.

Prhese specimens were heated in an oven at 150°¢ for 40 minutee while

clarped to steel plates.

pge "ON NI VOVKR
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Table 7.- Shear Test Data for Lap-Joint Spesoimens of Compreg acd Phenclis Lawrinatss
Bonded with Cyoles-Weld C-3 Under Spring Pressurs.®

&

bad been 163°C for 25 minutes.

3/1112 pressure in an oven et about 163°C mntil the temparaturs at the hond

Len Time Tailure Dat
Material |Temperature ogth *o Shear Strength per |  Failad 1in Falled 11 ;:.:lod“gf Adheslve-| Falled to
Dedignn~ of Ko. of Overlap, | Bresk, _M_Stg:ﬁ:gh « of & | Material | Adbesive, | Watsrisl Boundary, Bond,
fion® Test Bpecizmens | Average | Averags | Aver Average Average Range | iverage Average Averapge
So in, min, 1b/ﬁ5 lb/ﬁ 1b/in 1b/in [ [ 4% [
Plus 2 2 0.52 - ko 35-45 20 17-23 0 ] ] 0 10
Pl-ma 25 2 0.52 3.0 1350 |1270-1k20 | 705 670-710 52 &-91 L] 38 2
P7-he 25 e 0.50 1.7 £10 810 ko5 370-h40 ¢ 0 63 37
P7-ba 25 o 0.50 2.0 1240 |3090-1390 | 600 540-680 0 5 69 26
Pl-Ime 2 0. . 60 {7180~ 1200-1390 ¢ 46 0
b -Eﬁ 2 o.EZ %3 53510 2310-27253.06 1153% 118018101 99 %951* % ; 0
P7-hus 2 0. 2.9 2490 0-2600 | 1370 1260-1go | &2 5~99 45 1 2
’ -E' 2 0.2-3 h.3 2730 mzno-m;o 1330 Mpo-1uko| 98 97-99 0 0 2
PL-1/h— 0. A £100 |2030-21 1060 1010-1100 - 43 20 3
e -;?-( 3 o.gg R.s 2850 2%0-3 1420 13%0-1490 2; 29—3; 0 n 0
PL-1/h~ 0.49 2.0 1910 |1750-2010 20 0-940 PT-44 45 0 18
Yh-ua -E? % 0.89 2.3 2360 |2240-3320 1350 1180-1620 371 85-96 1 o 8
PI-1/l-ha 0. 2.4 1iso {1360-1 650-460 11 0-25 7 k
Y -JEE % o.g 1.9 2660 10-253 1%58'.% 12%1430 61 7-92 3; 22 1
P1~1/l~ha 0. 3.7 1340 {1670-2070 | 910 8$40-950 2 2o~ 23 1 oh
/ _EE % o.% 1.7 BS20  |2120-3270 | 1265 1090-1600 35 9‘—& 0 0 5
ypes of tremtment are indicsted by lotters aftor the matorisl designgtion as followa:
u = unheated
h = hapted E
n = pachined »
5 = unabraded
a = abraded <
]
w0 other spscimens came apart on handling, °
ocur:lng condi tiome: 150 to 200 1 E




Table 8.~ Shear Test Data ltor Lap-Joint Specimena of Compreg and Phenclic Laminataes

Bonded with Ardux 1 Under Spring Pressure.® _

98 °OK X TOYR

Material |Temperature
Desipgnp- of Yo. of
tion & Test Specimens
[)
(]
PT-us 25 6
Pl=-ua 2
f 2 2
P7=hs 25 2
P7~hms 25 2
~51 2
P7~hma 25 2
~50 2
FI~-1/M-us| 25 2

Length
of
Ovexrlap,
Average

in.
0.52

0.59
0.53

Time-
to
Break,

2.1
2.8

«.F'I'O
=

\.all\i
O =

o
1460
2140
2180

2020
2080

20%0

Btrength

8he
Aver: Aver |
min, | 1b/in 1b/in

Two specimens osme apart in handling; four broke while being plaoced in grips,

950-2010
12901630

Specinens came apart while

21702180
19Z0- 10

1730-2320
1;050-53220

20002080

7%

Bhear Strength per

[~ Failed In |

Material

Fail
Failed in
Adhesive,

n, of Bond Width
VO,
1b/in 1b/in

600~12
nmn?

Average

being placed in grips.

1060

1130 -

11
1180

1040

1000-1130
1080-1130

980-1280
1050-1310

- 10%

100
100

100
58

97

—3

0-3

100
100

100
15-100

96-98

Hemaes

9

ure Dat
ed at Adheslve-|
Material Boundary,

Average

Bond,

Average

O"rypel of treatment are indicated by letters after the material desigmation
as follows:

u = unheated
h = heated

m = maohined
s = unsbraded
a = gbraded

1’One spscimen osme apart while being placed in mju.

o :
Curing oopditions: 150 to 200 1b/in2 pressure in an oven at about 1459¢ for 60 minutes.




Table 9.~ 8hekr Test Data for Lap-Joint Specimens Made b Dond.‘l.sg Togather Malw -
Faced Flywood and Aluminomm Alioy with Oyole-¥ c-3. 8 Bty

Bpoaoimen
Designa~
AD-26/4
AD-B6 MR
An-26/MRP
AD-26/4

D22/
D-22/MR
D-22/3RP
B.22/M
D-30/X

B-30/uR

Torm

Adnastves,

o M P

H a a a o

L Tallure Doty
£ [YalIed &%
Length Time Adhesive-
Tazperature of (-] Bhear Birength perx Failed in Material Fatled 259
of No. of Overlap, | Break, Bhaar S n. Boundary, Bond|
s |sbtton| | e PSR P B et i |
o0 1in, mixn. 1b/in 1b/1n 1b/in 1b/in
_Eg i Q'?o 1.9 Egg 680-930 hog5 o-4do 96 #3-100 0 4
0. 1.5 —— 205 — 83 —— [+} 11
2 0. 8.2 8 Ll 390-440 100 1] 1
-ﬁ 2 0. 2.2 5933 58:%1’8 £9 285-305 gg ?—100 0 1
25 2 0.58 1.0 k10 | 390-U20 20 200-220 | 100 100 o o
-4o 2 0,52 2.0 550 | s30-570 2%0 | e£70-230 | 100 100 0 0
2 0.%8 1. 6% | 6 0 6 72-80 el —_
.&1’5 2 0.50 1.2 590 4%% 0 233-30350 ;o sg-92 10 —
% 3 0.51 1.9 760 | 660-860 390 340-430 9% #6-100 0 3
i} 3 0.51 1.9 780 780-790 Yoo 390-k10 %9 9%-100 0 1
25 3 0.50 1.7 oo | &70-510 250 240-260 99 99-100 0 1
% 3 0.52 1.k &0 | hgo-Teo o 260-430 n 70-81 b1 ] -—
0. 1. & 610~ 20 00~ 6 90-99 ] —_
5 i o¥ | 12 W | Neek| W [ BEES| B | BiW| i -
0. 1.6 620 20 280-400 ] 100 2 -—
-EE ; o.?é ok 560 &&gg 290 £50-320 1%0 9':?.-t:»o 0 —_

5, = liquid brushed en; ¥ = film.
b0 = apring-clamp apparatus; P = eleotrically hested press.

%kafers to fusion of the Oyolo-Wold comtings on two halves of & spsoimens
doen bt apply to speoimens bonded with film.

4rha symbols to the Jeft and right of tha diagonsl, respectively, indioate the sheet materials which wars
bondad togother. The sheet materisls are idemiified in table 1.
®Curing conditions:

Spring-olemp apparatus: 100 to 300 1b/in? pressure in an oven at about 163G for 5O to 60 mimutes;
tamperaturs at the bond wam 163°C for at lesst 25 minutes.

Clestrically heatsd prass: ipprorimately 200 1b/in? prassars st 165°0; temparatura at the bond, was
163°0 for at lemst 15 minutes.
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Table 10.~ Shear Test Data for Lap—Joint Bpaoimens Made by Bondipg Together Biroh-
Faced Plywood and slumimms Allcy with cyula-!a{d O-E.EE &

ol "OR K1 YOYK

Fpilure Data
Talled ot
Langth Tima Adheslive-

Bpaaiwan | Form Temporaturs of to Shear Strength par Yailed Meterial Failed,to
Designe | of Bres of ¥o. of |Qvarlsp, | Breek, Sheer Bt h | in. of Bond W1dth in Wood Boundary, Bond,
| Hion® | atnosivo] uathotd| test Speojmens | gverage | Averaze [Aversge %_A_m [ Hengs |Averaps| Epnue | Avarsga | dveraps |

% in. min. | I1b/1e® | 1b/20f | 1b/1n 1b/in % % 4 4
AD-p5/ L a 0. 1.6 |1ee0  |11p0-1k 6 0 1 a 10
2 42 3 0% | ko |0 [thonbe| 108 | JMo-ivo| w0 |seie| 7B o
AD=E5/HR, L a 2 0. 2.8 |1 1250-14 640~ A8 ap-9p
e/ -k 3 o.§§ x.9 1?177.3 1 o-m?g Frg azo-ggg 100 10% 3 Z)
AD-25/ERM L a 25 3 0.51 1.6 | 1100 |[1070-1130] 560 | 530-600 | 94 o4 0 2
-ho 3 0.52 3.6 | 1e70  |1140-2400 660 610-710 | 100 100 0 o
D~ L [ 0.5e 1. 1 1000~1 660 0810 4o
/2 -Eg ; o.ge 3.3 ! 1@ 1080-1550 670 %o-'rgo EZ 35:-?(8 7% g
D~30/8° L ¢ 25 3 0.51 1.0 30590 255 21 9% 9d 1
%/ ke 3 o.ga 1.5 333 M0-510 ap5 m?i%? 100 9?00 (3, 0
D30, L c 3 0.53 1.6 11260 |[1140-1390 (3 600-~72 66 (-8 29
/en -Eg 3 0.52 bo {1500 |iho0-1730 3373 730-903 96 9*4-99; 3 ?
D-30/PRP L 0 25 3 0.52 g2 1170 |ils0-1210 é10 E90-6;o a7 9698 1 3
=42 3 5 2.7 {1110 #50-1810 560 365-720 | 100 100 0 o
1-30/B r g 0.49 0.9 &70 610-790 0 10 15 343 %2 —
i3 3 650 | 23 |éeo |modo| 435 | B0 | ez | bob | 3d =
D- ry ] 0. 0. ! [} 2 1 -~
o/ B° ¥ 3 BE | S | (MRS B O| BRI % O[] W -
D-30/B* r P 0, 1. 1290 [1260-1320 é10 650-690 8 12 2 —
o/ -42; ; 0.55% e.l 1390 520-1330 73:0 22&370 90 100 go -
D-30/B" r P k 0. 1.6 1320 20-1560 670 68 2
3/ -Eas 3 o.gi 2.6 1%90 ;10-1290 6(-)’0 &7738 78 12:?600 3eu —

By, = liquid brushed on; ¥ = £iln.

by = spring-olaxp apparatuva; P = eleotrioally-heated prese.
OPpoe graln perpendicular to langth of mpeoimen.

dRefors to fuslon of the Oyole-¥ald ooptings onm tbe two halvos

®Tta syutols o fhe left md right of tha dlagonal, S e mo el R T e  BDP e 5T MR LIORS DAToR vt heidad togothor. The aheot meterisls
a l.

Curing anditions: 8

Ewgu-:lup apparatus;: 100 to 300 1b/1n? pressure in an oven at mbout 16390 for 50 to £0 wihutes; tempersture at the bond was 163°C for
[ as minokes.
Tiactrically heated press: Approxinmtely 200 1b/in® pressuze at L659C; towpaTature at the bond was 16300 for at lswst 15 mizutes.



Table il.- Shear Tesat Data for 3487 ilclad Alvalnum Alloy-Magnesium Alloy Spsolmana
{aD-26/7) Bonded with Cycle-Weld Q-3.%

12

Tims

Method of | T £ Shoar Strength 2 Datg

Bondinso u-p:;a.tun ¥o. of Ov:ﬂ-p, B:nk. Shepr B;renﬁ . nd dgr ¥Yalied 1In | Falled in y§°m~“ Adheni Yalled to|
fipeoimens Test e, Average | Average | AVSTRZS | ﬁ gmg |__Naterinl | Afhegive | Material Boundmry Bond

o in, mim, 1b/1n® 1p/in2 10/in 1v/in 4 4 % 3

gprl

Cump 25 3 o5 | 1.3 w10 | wzpoare] 70 | se0sp | o ca.10 55 0e.35
; Apparatus
K -3 3 0.51 3.8 2540 2260-2700| 18290 1170-1380 0 0 68 32
Dream 25 3 0.51 1.0 700 Boo-1110] 350 210-560 0 0 96 L

-y 3 0.51 2.2 1860 1620-2220] o0 8101130 0 o 95 5

Bouring conditions:

Bpring-clanp epmratus:: 300 to 50D 1b/in? pressure for 75 minutes in an oven at 1650¢.
Stoam press: Approximately 500 1o/ in2 pressure for 20 to 25 mimates at 165%¢C.

bl'uilure was generally at the magnesium alley-aihesive boundary.
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NACA TN No. 964 Fig. 1

Y -
L__A .
LA ;

=D)

4, Specimen; B, Cement; ¢, C-clamp; D, Spring-steel strip
0.04-inch thick, 3/4-inch wide, 3-inzhes long; E, support
blocks glued to F; F, 3 by 3/4 by 1/4-inch steel bar; G, flat
metal strip 1/16-inch thick by 3/4-inch wide.

Figure 1.~ Spring-clamp apparatus for making lap-joint
specimens.



NACA TN No. 964

A, Alclad aluminum alloy (AD-&l; tested at 25° C.
B, Alclad aluminum alloy (AD-31) tested at-40° G.
O, Stainless steel 2882 tested at 35° C.

D, Stainless steel (58) tested at-40° C.

E, Aluminum alloy éDalog tested at 25° C.

F, Aluminum alloy (D-10) tested at-40° C.

Figure 2.~ Cycle-Weld-bonded metal lap-joint specimens after
test.



NACA TN No. 964 ] Fig. 3

i
FELTIEREN € 1 ¥ ST e e ity -.—-..,..W' m”:"‘i',‘.’:‘r_.‘._" "

A, Paper—-base phenolic laminate éPL-l/lB) tested at 258 c.
B, Paper-base phenolic laminate (PL-1/16) tested at-40° C.

C, Fabric-base phenolic laminate (FL-1/18) tested at 25° ¢.

D, Fabric-base phenolic laminate (FL-1/16) tested at-40° C.

E, Bending of phenolic laminate (FL-1/18) specimen during cure.

Figure 3.~ Cycle-~Weld-bonded phenolic laminate specimens after
test.



NACA TN No. 964 Fig. 4

A, Paper-base phenolic laminate ﬁPL—l/lG) tested at 25°

B, Paper-base phenolic laminate (PL-1/16) tested at-40°
¢, Fabric-base phenolic laminate éFL—1/4 tested at 25°
D, Fabric-base phenolic laminate (FL-1/4) tested at-40°
E, Alclad aluminum alloy (AD—Slg tested at 259 (.

F, Alclad aluminum alloy (AD-31) tested at-40° ¢.

G, Stainless steel iss; tested at 859 ©.

H ss

QQOQ

, Stainless steel tested at-40° C.

Figure 4.- Ardux-bonded lap-joint speclmens.



NACA TN No. 964

A, Bonded

E e T

with Ardux 1; not preheated, surface abraded;

tested at -40° ©.

B, Bonded with Ardux 1l; preheated, machined and abraded;
tested at 25° C.

¢, Bonded with Ardux 1l; preheated, machined and abradsd;
tested at -40° ¢.

D, Bondeg with Cycle-Weld C-~3; preheated, machined; tested
at =25° C.

E, Bondedowith Oycle-Weld C-3; preheated, machined} tested
at -40° ¢.

F, Bonded with Oycle-Weld C-3; preheated; tested at 85° ¢.

G, Bondeg with Cycle~#eld C-3; prsheated, abraded; tested
at &5 0.

Figure 5.~ Qompreg lap-joint speclmens.




NACA TN 964
'

A, Not prenheated; tested at 25° @.
B, Not preheated; tested at -40° Q.
C, Not preheatsd, abraded; tested at 25° C.
D, Not preheated, abraded; tested at -40° ¢.

Figure 6.- Paper-base phenolic laminate (PL-1/4) bonded in
"spring-clamp" apparatus with Cycle-Weld adhesive.



NACA TN No. 964 Fig. 7
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A, Surface untreated (AD-26/M); tested at 25° C.

B, Surface untreated (AD-26/M); tested at -40° G,

C, Surface resin-coated 2AD-26/MR§; tested at 25° ©.

D, Surface resin-coated (AD-26/MR); tested at -40° OC.

E, Surface resin-paper-coated SAD—BG/MRP;; tested at 25° C.

F, Surface resin-paper-coated (AD-36/MRP); tested at -40° ¢.

G, Sugface untreated (AD-26/M); Cycle-Weld film; tested at
250 (C.

H, Ezggace untreated (AD-26/M); Oycle-Weld film; tested at

C.

Figure 7.- Alclad aluminum alloy bonded with Cycle-~Weld C-3

to mahogany plywoods having various surface
treatments.



NACA TN No. 964 Fig. 8

~

Surface untreated ED—30/B; tested at 35° C.

surface untreated (D-30/B); tested at —-40° ¢.

Same as A except face grain perpendicular to length of
specimen; tested at =25

Same as C, but tested at -4o° c.

Surface resin-coated ED-SO/BRg tested at 25° ©.

Surface resin-coated (D-30/BR); tested at -40° C.

Surface resin-and-paper coated éD-oO/BRP; tested at 35° C.
Surface resin-and-paper coated (D-30/BRP); tested at -40° C.

-
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-

Figure 8.- Aluminum alloy bonded with Cycle-Weld C-3 to birch
plywoods having various surface treatments.



NACA TN No. 964
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A, D-30/B specimens, bonded with spring-clamp apparatus;
tested at 35° C.
B, Same as A, but tested at -40° O.

¢, D-30/B' specimens, bonded in electrically heated press;
tested at 85 0.
D, Same as O, but tested at -40° O.

Figure 9.~ Aluminum alloy bonded with Cycle-Weld film to
untreated birch plywoods.

.



